Abstract-This study examined the effect of a walking intervention on step counts among patients with chronic back pain who report opioid use. Data were collected as part of a randomized trial to reduce back-pain-related disability. Participants (n = 118 usual care, 111 intervention) were Veterans receiving care within one healthcare system. Step counts were collected at baseline, 6 mo, and 12 mo via an uploading pedometer. Self-reported opioid use was collected by survey. More than 40% (n = 99) of participants reported opioid use at baseline. After adjustment, the predicted mean step count for baseline opioid users assigned to the intervention increased by more than 1,200 steps compared with a reduction of nearly 400 steps for those assigned to usual care (between-group difference = 1,625 steps, p = 0.004). Among nonopioid users, there was no change for those in the intervention (16 steps) and an increase of about 660 steps for those assigned to usual care (between-group difference = 683 steps, p = 0.17). These data show that patients taking opioids may engage in walking to help manage their back pain. This finding emphasizes the importance of encouraging the use of alternative pain management strategies for these patients.
INTRODUCTION
Managing chronic low back pain is a major public health and clinical challenge [1] [2] [3] [4] . This challenge may be even more prominent within the Department of Veterans Affairs (VA) healthcare system, given that back pain is highly prevalent among VA general medicine patients and a chief complaint for Veterans who have returned from the conflicts in Iraq and Afghanistan [5] [6] [7] . Low back pain clinical guidelines recommend use of various self-care options, medications, and nonpharmacologic strategies, such as cognitive behavioral therapy or exercise therapy, when self-care alone does not lead to improvement [8] . However, the delivery of optimal back pain care appears to be an elusive goal [9] [10] .
An analysis of spine care in the United States showed that between 1999 and 2010 the use of guideline-concordant treatments, such as physical therapy or nonopioid medications (e.g., nonsteroidal anti-inflammatory drugs [NSAIDs] ), has remained stable or decreased [9] . On the other hand, the use of non-guideline-concordant therapy, such as advanced imaging and opioids, appears to be increasing [9] . Likewise, studies have found generally low use of nonpharmacologic therapies in clinical practice [2] , while medications, including opioids, are commonly used for treating chronic back pain [2, [11] [12] . The use of opioids for chronic back pain is especially concerning given well-documented problems with safety and effectiveness, particularly with longer term use [3, [11] [12] [13] [14] [15] [16] .
A recent Cochrane review identified randomized controlled trial evidence of short-term benefits with opioids versus placebo in reducing pain and improving function for individuals with chronic low back pain [14, 17] . There are few studies, however, and no evidence that opioids are better than NSAIDs or antidepressants for addressing either pain or function and no data on the use of opioids for managing chronic back pain beyond 4 mo [17] [18] . Whether patients receiving longer term opioid therapy can or will engage in physical activity, a recommended approach for managing chronic back pain [8, [19] [20] , is also unknown. The purpose of this study, therefore, was to assess whether Veterans with chronic back pain, and particularly those who report opioid use, are willing to engage in physical activity by examining the effect of a walking intervention on objectively measured step counts.
METHODS

Study Population and Data Collection
Data were collected as part of a randomized controlled trial of a pedometer-based, Internet-mediated intervention to promote walking as a form of exercise therapy and reduce back-pain-related disability. The design, rationale, and main results for the primary study are described in detail elsewhere [21] [22] . Briefly, we recruited patients with back pain from one VA healthcare system. Specific eligibility criteria included: (1) persistent back pain >3 mo, (2) sedentary lifestyle (<150 min of physical activity per week), (3) weekly access to a computer with a USB port and Internet access, (4) ability to provide consent and communicate in English, (5) community residence, (6) ability to walk at least one block; and (7) self-report not currently pregnant. After attending a single-session back class led by a physical therapist, all potential participants received an enhanced pedometer, Omron HJ-720ITC (Omron Healthcare, Inc; Lake Forest, Illinois), which contains a dual axial accelerometer, stores 42 d of step count data, and has an embedded USB port [23] . Participants were instructed to wear the pedometer for 7 d with the step count display covered, allowing us to obtain a baseline measurement. After we received 7 d of valid pedometer data and a completed baseline survey, we randomized 229 participants, with 118 allocated to receive enhanced usual care (control group) and 111 allocated to receive the full intervention. The study protocol was approved by the VA Ann Arbor Healthcare System Institutional Review Board, with written informed consent obtained for all participants.
Results from the primary study showed that compared with participants receiving usual care, intervention participants reported a greater decrease in back-painrelated disability in the 6 mo following study enrollment, but the difference between groups was no longer significant at 12 mo [22] . The primary components of the intervention included (1) individualized step count goals, which participants received weekly via email; (2) feedback on progress toward meeting step count goals provided through a study Web site; (3) targeted educational and motivational messages posted on the Web site (e.g., tools for positive thinking, walking for your mind and spirit); and (4) social support provided through an asynchronous electronic forum accessed through the study Web site (i.e., an area on the Web site where intervention participants and research staff could share success stories, make suggestions, or ask questions). The weekly step goal email messages also served as a reminder for those in the intervention to upload their pedometer data. Usual care participants received a monthly email-based upload reminder. Reminders were also sent to all participants at 6 and 12 mo asking them to upload their pedometer data and complete an online study survey. The uploaded pedometer data along with the survey data collected at baseline, 6 mo, and 12 mo are the primary data sources for this study, although some data on opioid use were also obtained from VA electronic medical records.
Study Measures
The primary outcome was change in daily step counts.
Step counts were measured as the average number of steps per day over the previous 7 d using step count data collected through pedometer uploads at baseline, 6 mo, and 12 mo. The change in daily steps was calculated by subtracting baseline step counts from step counts at 6 and 12 mo.
The principal independent variables were binary indicators of self-reported opioid use at baseline and assigned study group (intervention or usual care). Specifically, study participants who responded "yes" to the following question on the baseline survey: "Do you take a narcotic medication for pain relief?" (examples of narcotics include codeine, Tylenol ® No. 3 with codeine, hydrocodone, Vicodin ® , hydromorphone, methadone, morphine, oxycodone, and Percocet ® ) were classified as using opioids. We used patient self-report as our primary measure of opioid use, given that some patients may obtain their medication outside of the VA system. However, prescription data from VA electronic pharmacy records were used to confirm our self-report classification as well as determine the receipt of opioid medications at 6 and 12 mo.
Other baseline variables included age, sex, race, body mass index, and the Center for Epidemiologic Studies Depression Scale (CES-D 10) [24] . Pain severity was evaluated using a numeric rating scale (0 = "no pain" and 10 = "worst pain imaginable") [25] , while back-painrelated disability, the primary outcome for the trial, was measured using the Roland and Morris Back Pain Disability Questionnaire (RDQ) [26] , a 24-item scale with higher scores indicating greater disability. Both pain severity and back-pain-related disability were assessed at all three time points along with a self-efficacy for exercise measure, based on the Exercise Regularly Scale [27] . Study participants were also asked about the use of healthcare services during the past 6 mo, including the number of visits to a doctor's office or clinic and the receipt of physical therapy and injections to help manage pain.
Statistical Analysis
We used t-tests and chi-square tests to compare the characteristics of participants who reported taking opioid medications at baseline versus those who did not. Differences in step counts, pain-related outcomes, and opioid use between intervention and control participants within opioid use subgroups were also assessed using t-tests and chi-square tests. The data were then analyzed using a linear mixed-effects model with the difference in daily steps from baseline at both 6 and 12 mo as the dependent variables. The independent variables consisted of the baseline daily step count, an indicator variable for opioid use at baseline, an indicator for intervention group, and an interaction term of opioid use at baseline by intervention group. The model also included baseline values for age, sex, body mass index, level of pain severity, RDQ score, exercise self-efficacy score, CES-D 10 Score, received injections, received physical therapy, and number of outpatient visits in the prior 6 mo. An indicator for assessment time (e.g., 12 mo) was also included, and each participant's data was modeled using random intercepts to account for within-patient correlation of the repeated measures.
Step count changes were reported based on the predicted or marginal means generated by the model for the intervention and control participants within opioid use subgroups. All analyses were conducted using Stata/ MP 13.1 (Stata Corp; College Station, Texas). Statistical tests were two-tailed, with p < 0.05 considered statistically significant.
Because of missing pedometer data at both 6 and 12 mo, as some participants were unable to or did not upload the information, we also conducted our analysis using multiple imputation. Specifically, at 6 mo, 38 participants (38%) in the baseline opioid use group and 34 (28%) in the no opioid use group were missing pedometer data; at 12 mo, 41 participants (41%) in the opioid use group and 40 (33%) in the no opioid use group were missing data. To account for missing covariates as well as missing outcomes, we created five imputed data sets by an iterative multivariable regression technique using all available baseline covariates we suspected to be relevant to the missing data mechanism, including baseline demographic variables, intervention group status, opioid use status, and follow-up outcomes. Across the imputed data sets, the estimates were combined using Rubin's combining rules [28] . Since the directionality, magnitude, and statistical significance of our primary findings persisted, we present only the results from the nonimputed analysis.
RESULTS
At baseline, more than 40 percent (99/229) of participants reported using opioid medications for pain management. Only 8 participants did not self-report their opioid use status at baseline. Participant opioid use was confirmed through VA prescription data, with 83 percent of those who reported opioid use filling a prescription for an opioid medication in the prior 100 d compared with 7 percent of those who reported no opioid use ( Table 1) . Moreover, among self-reported opioid users, a majority (68%) had evidence of longer term use, defined as 16 wk [29] . The most frequently filled medications were hydrocodoneacetaminophen products followed by oxycodone or oxycodone-acetaminophen medications. There were no baseline differences between those using and not using opioids with respect to age, sex, race, body mass index, or number of outpatient visits in the prior 6 mo ( Table 1) . There was also no significant difference in the proportion of participants randomized to the study intervention group between those with and without reported opioid use. However, participants who reported using opioids at baseline had higher reported pain levels (6.3 vs 5.8, p = 0.02), higher backpain-related disability scores (10.5 vs 8.6, p = 0.02), a higher reported level of depressive symptoms (14.8 vs 11.6, p  0.001), and lower exercise self-efficacy scores (6.1 vs 7.1, p = 0.001) than those with no reported opioid use. A higher percentage of opioid users also reported that they were receiving injections to help manage their back pain (21% vs 8%, p = 0.006). Average daily step counts were significantly lower for opioid users compared with nonusers at baseline (4,005.4 vs 4,811.3, p = 0.02). Likewise, average daily step counts remained lower at 6 mo (4,823.0 vs 5,242.2, p = 0.42) and 12 mo (4,599.3 vs 4,881.1, p = 0.59) for those participants who reported using opioid medications at baseline compared with those who did not. However, after taking into account assigned study group (intervention vs usual care), unadjusted changes in average daily steps were substantially greater at both 6 and 12 mo among those who reported opioid use at baseline who were assigned to the intervention ( Table 2) . At 6 mo, step counts for opioid users in the intervention group increased by more than 1,400 steps from baseline, compared with a decrease of about 150 steps in those assigned to usual care (betweengroup difference = 1,632 steps, p = 0.03). In the nonopioid group, both intervention and usual care participants had relatively modest increases in their step counts, but the changes were not significantly different (between-group difference = 309 steps, p = 0.68). Similarly, at 12 mo, average step counts among baseline opioid users in the intervention were more than 1,000 steps higher than their baseline step counts, while those in the usual care group were more than 200 steps lower (between-group difference = 1,305 steps, p = 0.05); the changes for study participants with no reported opioid use were again not statistically different (between-group difference = 513 steps, p = 0.31).
Results from the linear mixed-effects model, as shown by the adjusted predicted mean difference in daily steps for each group averaged across the two follow-up times at 6 and 12 mo (Figure) are generally consistent with the unadjusted findings. After adjustment, among participants with reported opioid use at baseline, the predicted mean increase for those assigned to the intervention group was more than 1,200 steps over the two follow-up time points, as compared with a reduction of nearly 400 steps for those assigned to the usual care group (between-group difference = 1,625 steps, p = 0.004). Among nonopioid users, there was essentially no change in step counts in the intervention group and an increase of about 660 steps in the usual care group 
Figure.
Six and twelve month adjusted average change in daily step counts from baseline by group.
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(between-group difference = 683 steps, p = 0.17). The results after use of multiple imputations to account for missing data were similar (results not shown). Table 2 shows unadjusted changes in pain severity, back-pain-related functional disability, and fills for opioid medications by study group at each time point. Most changes, in general, reflected improvements over time. Although not statistically significant, level of pain severity at 6 and 12 mo was lower for all of the study groups, with a larger reduction at 6 mo than at 12 mo. Except for those patients on opioids at baseline and in the usual care group who had an increase in average disability scores at 6 mo (by about 1/2 a point), all other patient subgroups reported less back-pain-related disability (lower RDQ scores) at both time points, with the greatest improvement reported by baseline opioid users in the intervention group at 12 mo (a difference of 2.6 from baseline). The percentage of patients with VA fills for opioid medications declined over time among those with reported opioid use † Number of subjects in each group varies over time due to nonresponse or loss to follow-up. Difference in daily step counts: among opioid users n = 30 intervention, n = 31 usual care at 6 mo and n = 30 intervention, n = 28 usual care at 12 mo; among nonopioid users n = 51 intervention, n = 36 usual care at 6 mo and n = 46 intervention, n = 36 usual care at 12 mo. Difference in survey derived measures (pain severity and RDQ score): among opioid users n = 40 intervention, n = 51 usual care at 6 mo and n = 39 intervention, n = 50 usual care at 12 mo; among nonopioid users n = 58 intervention, n = 50 usual care at 6 mo and n = 59 intervention, n = 49 usual care at 12 mo. RDQ = Roland and Morris Back Pain Disability Questionnaire, VA = Department of Veterans Affairs.
at baseline and increased slightly among the nonopioid users. However, the patterns in reported use (and opioid dose as shown in the Appendix [available online only]) were similar between intervention and usual care participants within each subgroup.
DISCUSSION
Managing chronic back pain is a significant challenge in the United States and worldwide [1, 9] . Efforts to improve management of this prevalent condition are growing, fueled by concerns about the potential overuse and risks associated with opioid medications, coupled with the apparent underuse of other recommended options, such as exercise therapy and nonopioid medications [2, [8] [9] 30] . To inform these efforts, we examined the effect of a walking intervention on average daily step counts among Veterans with chronic back pain that did and did not report opioid use. Our findings revealed a notable increase (>1,000 steps or approximately 1/2 mile a day) over the two follow-up time periods among study participants who were using opioids at baseline and who were assigned to the intervention group.
Specific reasons for this increase in walking activity are unknown but could be due in part to better pain relief and improved exercise tolerance. Indeed, this marked increase was not observed for intervention patients who did not report opioid use at baseline. In addition to studies that show improvements in measured exercise performance following acute opioid use [31] [32] , a multicenter study by Teske et al. [33] found that controlled-release oxycodone helped patients with movement pain engage in physical therapy. In our study, reported pain severity was lower at 6 and 12 mo compared with baseline for those who used opioids at baseline and who were assigned to the intervention group. Reductions in pain severity were also reported by other study participants; thus, the extent to which pain control might be related to the increased step counts is unclear. Nonetheless, this potential association between opioid use and objectively measured exercise performance, including specific mechanisms of action, such as pain reduction or increased tolerance, warrants additional study. Why the intervention appeared to be particularly helpful in increasing step counts among opioid users compared with nonopioid users is also a topic for further investigation.
Increased step counts, as a measure of function, are an important outcome in their own right. However, whether this increased activity is related to improvements in other important pain-related outcomes is also of interest. In general, our analysis showed a reduction in pain severity and back-pain-related disability over time across all study groups. Although there were no statistically significant differences within subgroups at 6 or 12 mo, participants with reported opioid use at baseline assigned to usual care had the least amount of improvement compared with the other groups. Some changes in VA opioid medication fills were also observed. Similar patterns, however, were observed in both the intervention and usual care groups and thus do not suggest any specific benefits related to the increase in steps found among the opioid users in the intervention group.
Perhaps one of the most important findings from this analysis is that patients receiving opioids were both willing and able to engage in walking to help manage their back pain, particularly when provided with additional support. Participants who reported opioid use at baseline and were assigned to the usual care group had basically no change in step counts during the 12 mo study period. Those assigned to the intervention, who received support in the form of walking goals, performance feedback, motivational messages, and social support, on the other hand, had a substantial increase that persisted over time. All too often clinicians may view patients who are on opioids as more recalcitrant and unlikely to use other pain management modalities. Similar to work by Fleming et al. [34] , who found that complementary and alternative medicine was widely used by opioid users, our results show that opioid users may use walking to manage their back pain. This finding emphasizes the importance of supporting the use of alternative pain management strategies for patients with chronic back pain who are receiving opioids.
This study has some limitations. First, this is a secondary analysis of data collected as part of a randomized controlled trial. The interaction between baseline opioid use and the intervention was not a prespecified analysis and the study was not powered for a subgroup analysis of pain-related outcomes or service utilization. Nonetheless, we believe this is an important finding and warranted additional, even if somewhat preliminary, investigation. Second, there is a substantial amount of missing step count data. While this is a significant limitation, having objectively measured information on physical activity is also a strength given the inherent unreliability of subjectively reported measures [35] . In addition, confidence in our main finding is enhanced through our use of multiple imputation procedures. Third, although the study sample consisted only of Veterans, we have no specific reason to suspect that the results would be substantially different with a non-Veteran population.
CONCLUSIONS
These limitations notwithstanding, our findings are important in the continuing quest for effective and safe treatment of chronic back pain. Our results suggest that use of opioid medications for chronic back pain could facilitate participation in walking as a form of exercise therapy, although this potential benefit must be balanced against the documented risks of opioid use. More importantly, these data show that patients receiving opioids may engage in walking to help manage their back pain when provided with additional support. Although more work is needed to determine the exact mechanisms of action and potential benefits associated with opioid use and walking as a form of exercise therapy, this study reinforces the importance of supporting the use of alternative pain management strategies for patients with chronic back pain who are receiving opioids.
